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Annual by Shijie Sheng page I Annual Report for the period of 7/1/00-6/30/01 We proposed to generate and characterize six rational derivatives of maspin as candidate tumor suppressive agents of breast cancer. We plan to produce these novel maspin variants as purified proteins (Specific Objective 1), and as re-expressed proteins in breast tumor cells that are transfected with the corresponding coding cDNAs (Specific Objective 2). The biological functions of these six maspin derivatives as well as the wild type maspin will be examined using comprehensive cellular and biochemical assays that have been established in my laboratory. In particular, I will focus on the effect of these molecules on tumor growth, cell adhesion, cell motility and invasion. In addition the biochemical and biophysical properties of these new molecules will be evaluated.
PART ONE
Our unexpected results prompted a new investigation of the role of maspin in breast tumor progression. To further explore the clinical application of maspin in human cancer, it is critical to understand the in vivo biological function of maspin in tumor progression. To this end, ne of the most powerful models used to examine multistage carcinogenesis has been MMTV/TGF-ox transgenic mouse. Elevated levels of TGF-ox have been detected in transformed keratinocytes and in a variety of naturally occurring human tunor types (Gottlieb, 1988; Reddy, 1994) . In addition, the role of TGF-oc in neoplasia has been confim-ied in a variety of experimental systems, including transgenic mice in which initially hyperplasia and later neoplasia of liver and mammary glands were observed (Jhappan, 1990; Matsui, 1990; Sandgren, 1990) . In collaboration with Dr. Kaladhar Reddy at WSU, we evaluated the role of maspin as a tumor suppressor using MMTV/TGF-u transgenic mouse model.
MATERIALS AND METHODS
Generation and Characterization of MMTV/TGF-a Transgenic mice. The construction of MMTV LTR was similar to the previously published work of Matsui (Matsui, 1990) . In brief, pMMTV/TGF-o, the SV40 early promoter region in the vector pKCR was replaced by the complete MMTV-LTR. A 925 bp human TGF-o cDNA (kindly provided by Dr. Bell, University of Chicago) was then inserted into EcoRI site of P3-glonin exon 3. The 3.6 kb XhoI fragment was purified and microinjected into (C57BL X DBA) fertilized eggs. Homozygous TGF-cL transgenic mice were obtained by breeding two heterozygous TGF-ct transgenic mice. For histological examination of the mammary glands, the skin containing the mammary fat pads was fixed in 10% buffered formalin for at least 24 h. and then embedded in paraffin. Routinely, 5 gm sections of the whole mount tumor and mammary tissue were stained with hematoxylin and eosin using a standard protocol.
RNase Protection Assay. To confirm the expression of the TGF-cx transgene, RNase protection assay was performed as described previously (Reddy, 1994) . Briefly, the TGF-ox probe used for RNase protection analysis was 152-bp Sphl-ApaI fragment cloned in antisense orientation into pGEM7zf (provided by Dr. Kern, Lombardi Cancer Center, Washington, DC). The resulting plasmid was linearized with BamllI and transcribed with T7 polymerase in the presence of 32 P-labeled ATP. Thirty micrograms of total RNA from each sample were hybridized overnight at 50 'C with 50,000 cpm of probe in 30 jil of buffer containing 80% formamide, 40 mM piperazine-N,N'-bis(2-ethanesulfonic acid), 0.4 M NaCl, and 0.1 M EDTA. Samples were subsequently digested with 40 jig/ml RNase A (Sigma) for 30 min at 25 °C. Digestion was terminated with proteinase K and SDS. The samples were pelleted and resuspended in 5 jil of an 80% formamide loading buffer and run on 6% polyacrylamide sequencing gel with 8 M urea. Size markers were prepared by end labeling MspI-digested fragments of pBR322.
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The gels were dried and exposed to X-ray film in the presence of an intensifying screen at -70 °C for I or 2 days. Immunohistochemistry. The expression of maspin protein was immunostained by using AbS4A, a polyclonal antibody raised against the unique reactive loop sequence of maspin (Zou, 1994) , on 5-ýtm sections cut from the aforementioned tissue blocks. The immnunohistochemical staining was performed at room temperature unless otherwise stated for a specific step. The slides were deparaffinized in xylene and rehydrated in graded ethanols to PBS. Endogenous peroxidase activity was destroyed by treating the tissue for 10 minutes in 1% 102 in methanol. Antigen was retrieved in 10mM sodium citrate (pH 6.0) by microwave heating for 3 minutes in the case of surgical specimens and for 5 minutes on the whole mount autopsy tissues. Following the initial blocking with 10% normal goat serum for 30 minutes, the primary antibody was applied at 4.0 jig/mi with 1% BSA and 0.01% Triton-XIOO and allowed to incubate overnight at 4 0 C. The tissues were then blotted with biotinylated anti-rabbit secondary antibody (Zymed) for 30 minutes, and subsequently with strepavidin-HRP (Zymed). The DAB color reaction was employed for detection according to the manufacturer's directions (Vector). The slides were counterstained with hematoxylin and dehydrated in a series of graded ethanols and xylene followed by mounting with Permount (Fisher). The negative controls of immunohistochemical staining were performed in the similar fashion except that purified preimmune IgG at a final concentration of 4 jig/ml was used in the place of Abs4A.
In-situ hybridization: The PCR-amplified full length coding sequence of maspin cDNA in the pGEM7Zf(+) vector (Xia, 2000) was used as the template for in vitro transcription with the DIG labeling kit (from Boehringer Mannheim, Indianapolis, IN). The resulting labeled full-length maspin mRNA was hydrolyzed to approximately 0.2 kb fragment, then used in the subsequent in situhybridization procedure. The DIG-labeled full-length sense strand maspin mRNA was used in parallel as the negative controls. The in situ hybridization was performed as described by the manufacturer with some modifications. Briefly, tissue specimens were deparaffinized in xylene and rehydrated through a series of graded ethanols to PBS. Following the permeabilization with 25jig Proteinase K in Tris/EDTA buffer (pH 8.0) for 30 minutes at 37 'C, the specimens were denatured with 4X SCC in 50% deionized formamide at 37"C for 10 minutes. The slides were then hybridized with 5-10 ng of DIG labeled probe overnight at 60 'C, followed by two washes with 0.1X SCC at 60 'C (with agitation). The specifically bound DIG-labeled DNA was detected by the color reaction of the horse-radish peroxidase-conjugated anti-DIG antibody. The sections are then counter stained with methyl green and mounted with Pennount. RESULTS: were identified by southern blot analysis of tail DNA, and by 100% transmission of the gene when bread with non-transgenic mice (data not shown). In transgenic mice, TGF-ox RNA expression was confirmed by RNase protection analyses. High levels of TGF-oa expression were seen in mammary gland and a relatively low level of TGF-o was detected in sebaceous glands and lungs of transgenic multiparous females (Fig. 1) . In contrast, age-matched non-transgenic multiparous females exhibited low levels of TGF-ou expression in mammary glands and no signal in sebaceous gland and lung. The mammary glands from transgenic or nontransgenic virgin females mice (4 weeks) showed no alveolar development. While the non-transgenic mice were not symptomatic throughout their lives, all 50 female transgenic mice used showed significant breast hyperplasia after multiple pregnancies. Twelve of these transgenic mice developed hyperkeratosis and bilateral lumps in their mammary glands. Histologic examination of whole mount tissues revealed significant alveolar hyperplasia throughout the entire mammary glands in the transgenic but not in nontransgenic mice (data not shown). Histologic examination revealed that some of the TGF-ox-induced mammary tumors developed breast and sebaceous gland carcinoma as shown in Figure 2 . Although these transgenic mice did no have distal metastases, five of them developed invasive breast carcinoma at 68 months of age, as shown in Figure  2B ). The parallel 30 Itm inmmunostaining with the preimmune serum gave rise to a negative staining pattern (Figure 2A ). exhibited a moderate level of maspin expression ( Figure 2C ), while mammary carcinoma cells showed little or no maspin immunoreactivity ( Figure 2D arrow) . Microscopic examination using a higher magnification indicated that the loss of maspin expression was associated with invasive mammary carcinoma ( Figure 3B ). In all tumor samples from the transgenic group (5/5), consistent differential expression of maspin was observed.
To address whether maspin was specifically produced by mammary epithelial cells and whether maspin was differentially expressed at the mRNA level, in-situ hybridization was performed with the whole mount mammary tissues. While the sense-strand of maspin cDNA did not give rise to detectable signal (data not shown), a strong positive staining of maspin mRNA was detected in benign luminal and the myoepithelial cells. Hyperplastic mammary epithelium featured heterogeneous maspin staining of a moderate intensity. Mammary carcinoma in situ and invasive carcinoma cells expressed little or no maspin nRNA. The stroma of both transgenic and non-transgenic mouse mammary glands was free of maspin mRNA signal. Our TGF-alpha transgenic mice showed a range of abnormalities in the mamlmary gland including lobular hyperplasia, different stages of tumor progression in the same tumor such as hyperplasia (ductal or lobular), carcinoma in situ, or invasive carcinoma. adenomas, hyperkeratosis and mammary carcinoma. Using a combination of immunohistochemistry and in situ hybridization, we show that both normal myoepithelial cells and normal ductal epithelial cells express maspin at a high level. Hyperplastic mammary epithelium and mammary carcinoma in situ (DCIS) expressed a moderate level of maspin. However more malignant stage of tumors such as invasive carcinoma show a significant reduction or total loss of maspin.
CONCLUSION: In conclusion, we found a direct correlation between down-regulation of maspin expression and the stage of mammary tumors in MMTV/TGF-a transgenic mice. Our data suggests that MMTV/TGF-ox transgenic mouse model is advantageous for in vivo evaluation of both the expression and the biological function of maspin during the slow mutli-stage carcinogenesis of mammary gland.
PART TWO
A We started to generate DNA constructs PART THREE Continue to Characterization of Maspin in drug-induced apoptosis using stable transfectantsderived from breast Carcinoma cells MDA-MB-435 that express maspin, maspin/PAI-1 and PAI-1 /maspin, respectively.
MATERIALS AND METHODS
Induced Apoptosis. Cells cultured in 6-well plates for 24 were incubated with 0.5 WM STS at 37 'C with 6.5 % CO 2 for indicated hours. To test the effect of secreted maspin, STS was added to the cells that had been cultured for 24 hours in the K-SFM pre-conditioned (for 24 hours) by maspin transfectants or pCIneo cells. To examine the effect of purified recombinant human maspin (rMaspin) cells were incubated with rMaspin at a final concentration of 20-200 nM for 24 hr prior to the addition of STS. TUNEL Assay and Electrophoresis Assays for DNA Fragmentation.
To detect DNA fragmentation at the cellular level, cells were seeded in 8-well Lab-Tek®II chamber slides at a density of 100,000/well and incubated for 24 hours in the corresponding maintenance media. The cells were treated with 0.5 gM STS 24 hours (with the exception of 12 hours for 70N cells), washed twice with PBS and fixed with freshly prepared 4% paraformaldehyde at room temperature for 25 minutes. The cells were washed and permeabilized in 0.2% Triton X-100 (in PBS) for 5 minutes at room temperature. The cells were then washed and stained by a modified TUNEL procedure using the DeadEndTM Colorimetric Apoptosis Detection System (Promega, Madison, WI).
To detect DNA fragmentation at the molecular level, cells were seeded in 60 mm petri dishes at a density of 2 x 10 6 /dish and incubated in the corresponding media for 24 hours before the STS treatments. DNA isolated from either STS-treated of untreated cells using the Apoptotic DNA ladder Kit (Roche Diagnostics GmbH, Mannheim, Germany) were analyzed by 1% agarose gel electrophoresis and visualized by ethidium bromide fluorescent staining. Caspase Activity Assays. For caspase-3 activity assay, cells were treated with STS for 4 hr. For caspase-8 activity assay, cells were treated with STS for 2 hr. Following the removal of detached cells by aspirating the culture media, the remaining adherent cells were lysed in 200 pl of 50 mM Tris buffer (pH 7.5) containing 0.05% Nonidet and 1 mM DTT. The clear supernatant (cytosolic fraction) resulting from the centrifugation at 12,000 g for 5 minutes at 4°C was collected. A total of 25 ptg protein from each cytosolic fraction was incubated with 40 [tM peptide substrate for caspase-3, or caspase-8 for 120 nmfin at 37 'C in 200 jd reaction mixtures containing 10 mM HEPES (pH 7.5), 50 mM NaCl, and 2.5 mM DTT. The peptide substrates for caspase-3 and caspase-8 were Ac-DEVD-AMC and Ac-IETD-AMC, respectively (International Bio, CA). To test the effect of purified maspin on caspase-3 activity, rMaspin was added at 20-200 nM final concentrations along with the fluorogenic substrate of caspase-3 into the assay mixtures. Fluorescence released by caspase activity was measured at 380 nrexcitation and 460 nnieflssion using the SPECTRAmax GEMINI spectrofluorometer (Molecular Devices, CA). The cytosolic fractions of untreated cells were analyzed in parallel and were used as the background.
RESULTS
The apoptotic effect of STS was further evaluated by a modified TdT-mediated dUTP Nick-End Labeling (TUNEL) assay. When the mock control cells were treated with STS in the range of 05 to 2 jtlvM for 24 hours, a dose-dependent apoptosis was observed. In all subsequent experiments, cells were treated with 0.5 lgM STS, a minimum concentration to induce detectable DNA fragmentation in the pClneo cells. As shown in Figure 5 , the pCIneo cells showed significant shrinkage that is typical for STS-induced apoptosis (Gomez-Angelats M, 2000; Jacobsen MD, 1996; Tang D, 2000) Annual by Shijie Sheng page 6
However, only a small fiaction (10 + 2.4%) of protein from each cell line was resolved by SDS-PAGE and transferred to enzyme that catalyzes nuclear protein PVDF membrane, which was then probed with specific antibodies against PARP. The same blot was stripped and re-probed with the specific antibody ribosylation and facilitates DNA damage repair against maspin. To assess the loading normality, the same blot was (Bromine HJ, 1996) . The inactivation of the 116 subsequently re-probed with the antibody against P3-actin.
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cleavage, yielding an 85 kDa PARP fragment (Boulares AH, 1999; D'Amours D, 1998) . As shown in Figure 5B , the conversion of PARP from 116 kDa to 85 kDa was significantly increased in Tnl5 and Tn 16 cells x, compared to that in pCIneo cells. This data further confirms that maspin expression indeed sensitized cells to STS-induced cell death via an apoptotic mechanism. Taken together, endogenous maspin expression was not sufficient to cause spontaneous cell death. However, it sensitized MDA-MB-435 cells to STS-induced apoptosis.
CONCLUSION:
We confirmed the sensitizing effect of endogenous maspin in STS-induced apoptosis at both the cellular level and molecular level. Furthermore, in TUNEL assay, DNA fragmentation assay and PARP degradation analyses, maspin/PAI-1 and PAl-1/maspin lost the sensitizing effect as compared to the wild-type maspin. 
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